INTRODUCTION {#sec1-1}
============

Pain is one of the most common medical causes of delayed discharge (17--40%) after ambulatory surgery.\[[@ref1][@ref2]\] Substantial component of the pain experienced by patients postoperatively is derived from the anterior abdominal wall incisions. Nerve blocks of anterior abdominal wall provide effective analgesia.

Subcostal transversus abdominis (STA) block and trasnsversus abdominis plane (TAP) block are currently described as effective techniques for providing supraumbilical and infraumbilical analgesia, respectively. However, the spread of local anaesthetic injected into these planes is limited by the lateral border of the rectus sheath, limiting their analgesic effects in midline, and require modification of port sites.\[[@ref3][@ref4]\] Addition of posterior rectus abdominis sheath block provides adequate analgesia covering thoracic dermatomes (T~5~ -- T~10~) in midline, without modification of conventional port sites.

The present study compared ultrasound-guided abdominal field blocks (USAFB), i.e., combined bilateral posterior rectus sheath block and right STA plane block with widely practiced traditional port infiltrations, for post-operative pain relief and opioid consumption.

METHODS {#sec1-2}
=======

The study was sponsored by the hospital and approved by the Local Research Ethics Committee. It was undertaken over a period of 1 year from May 2014 to April 2015. Written informed consent was taken from eighty patients (18--70 years) of American Society of Anesthesiologists physical status I/II listed for elective laparoscopic cholecystectomy and enrolled in the study. Exclusion criteria included allergies to local anaesthetic agents, skin infections preceding the block, pre-operative chronic opioid dependence, surgeries converted to open cholecystectomy, pregnancy and refusal by patient.

A standard balanced general anaesthetic regime was employed, consisting of propofol (2 mg/kg), fentanyl (1.5 μg/kg) and vecuronium 0.1 mg/kg. Top up of fentanyl 0.5 μg/kg was administered as and when required depending on the variability in heart rate and blood pressure if it was \>20% from base line. Intra-operative non-opioid analgesia included intravenous (IV) paracetamol (1 g) and diclofenac (75 mg IV) which were administered to all the patients. Anaesthesia was maintained with oxygen, nitrous oxide and sevoflurane with the circle absorber system.

Patients were randomised using computer-generated random numbers into two groups to receive either local anaesthetic infiltration of the laparoscopy port sites (*n* = 40, Group A/standard group) or USAFBs (*n* = 40, Group B/study group) using a total dose of 30 ml of ropivacaine 0.2% with sterile technique.

In group A, pre-incisional port-site infiltration was performed by the same surgeon every time, after the induction of anaesthesia and local anaesthetic was divided equally between port sites.

A total of four ports-supraumbillical, subxiphoid and two ports in the right subcostal area at mid-clavicular and anterior axillary line were made.

In group B, the blocks were performed under ultrasound guidance (GE Vivid E™) by the same investigator every time. Linear array ultrasound probe with a 6--13 MHz frequency was used. After the induction of anaesthesia, the skin was disinfected with 10% chlorhexidine. Posterior rectus sheath block was administered by placing ultrasonography (USG) transducer 2 cm below the xiphisternum in transverse position. A 90-mm, 22-G Quincke spinal needle was inserted in-plane and advanced until the tip rested on the posterior rectus sheath. After negative aspiration, 2 mL of saline was injected to verify needle tip location. When the correct needle position was achieved, 5 mL of 0.2% ropivacaine was injected bilaterally on each side \[[Figure 1a](#F1){ref-type="fig"}\].

![Ultrasonography image of rectus sheath block (a) and subcostal transversus abdominis block (b)](IJA-60-578-g001){#F1}

For right STA block, the USG probe was placed in the midline of the abdomen 2 cm below the xiphisternum and moved right laterally along the subcostal margin to the anterior axillary line. The transversus abdominis muscle was identified lying beneath and extending lateral to the rectus abdominis muscle. A 90-mm, 22-guage Quincke\'s spinal needle was then guided, in-plane, to a point just inferior to the right costal margin at the anterior axillary line such that the tip was between the transversus abdominis and internal oblique muscle within the neurovascular fascial plane. After careful aspiration to exclude vascular puncture, a test dose of 2 mL normal saline was injected to confirm needle tip placement and determine resistance to flow. Following aspiration, 20 mL of 0.2% ropivacaine was deposited within the plane \[[Figure 1b](#F1){ref-type="fig"}\].

Following adequate and complete recovery, patients were transferred to the post-anaesthesia care unit. Both groups received post-operative analgesia using a patient-controlled analgesia (PCA) device which provided 20 μg bolus of fentanyl without a basic infusion rate with 15 min lock-out time. The correct use of the device was explained during the patient\'s informed consent in the pre-operative period. The patients stayed for 2 h in the recovery room and were then transferred and followed up in their rooms.

Patients were monitored for pain scores, fentanyl consumption, and adverse effects like nausea vomiting and vital parameters including heart rate, NIBP, SPO2 and respiratory rate at 1, 2, 4, 6, 12 and 24 h in the ward. Pain was assessed by Numeric Rating Scale (NRS), a 10 cm long scale on which 0 is taken as no pain and 10 being worst possible pain. NRS \<3 was taken as satisfactory pain relief. At the end of 24 hrs, patients were asked to rank the quality of pain relief on a four point Patient satisfaction scale, where 1 -- Excellent, 2 -- Very good, 3 -- Satisfactory, 4 -Poor.

Data were assessed by a member of the research team blinded to the group allocation. The data were analysed using software Statistical package for the Social Sciences (version 16, SPSS Inc., Chicago, IL, USA). The variables were expressed as mean and standard deviation Chi-square test/Fisher\'s exact test for categorical data and Mann--Whitney test/unpaired *t*-test for quantitative data were used respectively.

The sample size was calculated, assuming a 40% reduction in opioid use in patients receiving anterior abdominal wall blocks to provide 90% power at a statistical significance level of 5%. The 40% assumed reduction was based upon prior studies which showed 45--70% reductions in post-operative opioid requirement following anterior abdominal wall block.\[[@ref5][@ref6][@ref7]\] The sample size after this calculation came out to be 37 in each group. To minimise any effects related to data loss, we recruited forty patients in each group, assuming a 10% dropout rate.

RESULTS {#sec1-3}
=======

Both the groups were comparable with respect to patient demographics and duration of surgery \[[Table 1](#T1){ref-type="table"}\]. Lower pain numeric rating scores (NRS) in patients receiving abdominal field blocks were accompanied by lower analgesic requirements postoperatively \[[Figure 2](#F2){ref-type="fig"}\].
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The average fentanyl consumption remained higher for port infiltration (Group A) (223.60 ± 101.96 μg) and was approximately twice of Group B (120.22 ± 74.93 μg) with a statistically significant difference between the two groups (*P* \< 0.05, independent *t*-test) \[[Figure 3](#F3){ref-type="fig"}\]. Maximum fentanyl consumption was 400 μg (Group A) and 262 μg (Group B) over 24 h, and the minimum requirements of fentanyl were 50 μg (Group A) and zero (Group B), respectively \[[Figure 4](#F4){ref-type="fig"}\]. In the Group B, 20% patients received \<50 μg fentanyl, whereas there were none with such minimal requirement in the Group A. Better oxygen saturation was observed in the USAFB group, though it was confined within normal limits (*P* \< 0.05 at 6,12 and 24 h). Patient satisfaction scores correlated well with analgesia and opioid consumption \[[Figure 5](#F5){ref-type="fig"}\].
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DISCUSSION {#sec1-4}
==========

Inadequate pain relief, apart from being unethical, may result in increased morbidity and mortality.\[[@ref8]\] Opioid-sparing, balanced analgesia provides enhanced pain relief and faster recovery compared with opioids or local anaesthetics alone.

Post-operative pain associated with laparoscopic cholecystectomy is less intense and lasts a shorter time than that seen with open surgery. As there is less functional impairment and pain, patients can be discharged and return to their normal daily activities earlier.\[[@ref9]\] As laparoscopic cholecystectomy is being performed on an outpatient basis, USG guided nerve block is a good alternative to opioids and central neuraxial block.

Pain reaches a peak within the first few hours following the operation but diminishes during the next 2 or 3 days.\[[@ref9][@ref10]\] Mobilisation particularly aggravates the pain. Inadequately-treated acute pain after laparoscopic cholecystectomy may lead to chronic pain, i.e., post-laparoscopic cholecystectomy syndrome.\[[@ref11]\] The use of long acting analgesic agents before surgery can avert the establishment of a sensitised state in the peripheral nervous system, thereby greatly diminishing the degree and persistence of post-operative pain culminating into chronic pain state.

Pain after laparoscopic cholecystectomy can be divided into three components: Visceral, parietal and referred shoulder tip pain. The main sources of pain include pain arising from incision sites (50--70%), pneumoperitoneum (20-30%) and 'post-cholecystectomy wound' (10-20%) within the liver causing visceral pain. Pneumoperitoneum has both local and systemic effects; local effects due to peritoneal and diaphragmatic stretching, acidosis and ischaemia and systemic effects due to hypercarbia causing sympathetic nervous system excitation with an amplification of local tissue inflammatory response.\[[@ref12][@ref13]\] The somatic pain is more important than visceral pain in the first 24--48 h postoperatively and during this period, the most common location of the pain is the right upper quadrant and the port sites, but the benefit of local anaesthetics is clear.\[[@ref14]\]

The present study aims to compare the analgesic efficacy of US-guided regional blocks with port site local anaesthetic infiltration technique for post-operative pain relief, opioid consumption and patient satisfaction following elective laparoscopic cholecystectomy. Abdominal field blocks in this study comprise of right STA with bilateral posterior rectus sheath block. STA block provides effective analgesia to anterolateral upper abdominal wall, but its spread is limited by the lateral border of the rectus sheath, limiting its analgesic effect in midline and necessitating modification of port sites. Addition of posterior rectus sheath block provides adequate analgesia covering T~5~ -T~10~ dermatomes in midline, producing complementary results in terms of analgesic effects covering anatomical area of all the port sites without modifying their location.

Port site infiltration involves the injection of local anaesthetics subcutaneously into the incisional site. This blocks Aδ and C fibres in periportal fascia, the muscle and parietal peritoneum. The effect of port-site infiltration is small, lasting only for 2-3 h and of doubtful clinical relevance.\[[@ref2]\] Analgesia with regional blocks lasts for 36-48 h, which might be due to the slow clearance of local anaesthetics in the transversus abdominis plane where relatively fewer blood vessels are located.\[[@ref15]\] Reduced vascularity also reduces the risk of systemic toxicity from the local anaesthetics.

Studies done previously reported efficacy of TAP block\[[@ref6]\] and STA block\[[@ref7]\] in laparoscopic cholecystectomy; however, both studies necessitated adjustment of the port site positions to facilitate the anatomical distribution of the block. TAP block with modification of port sites\[[@ref6][@ref16][@ref17]\] or a modified TAP block called STA\[[@ref7][@ref18]\] provides effective post-operative analgesia.

Not much literature is available on the analgesic efficacy of abdominal field blocks, a combination of right STA block with bilateral rectus sheath block in patients undergoing laparoscopic cholecystectomy without any modification of conventional port sites.

In our study, we found that the NRS was less in patients receiving abdominal field blocks when compared to patients receiving port site infiltration. Rescue analgesia with intravenous bolus dose of 20 μg fentanyl was administered at NRS \>3. The overall fentanyl consumption in Group A was approximately twice (223.60 ± 101.96 μg) as compared to Group B (120.22 ± 74.93 μg). The difference was found to be statistically significant (*P* \< 0.0001). Statistically significant difference was found in oxygen saturation of two groups, though it was confined within normal limits. It was more in Group B patients at 6, 12 and 24 h (*P* \< 0.05). This probably reflects better respiratory efforts in patients with low pain scores. No other adverse effects were observed in both the groups. The overall patient satisfaction score was much higher with Group B compared to the Group A (*P* \< 0.05).

The advantages with abdominal field blocks involving STA and rectus sheath block are thus primarily improved patient comfort and reduction in concomitant opioid use and its adverse effects such as nausea, vomiting, sedation and respiratory depression.

The present study also has certain limitations. As proposed in the initial study plan, the analgesic supplementation was to be provided when the NRS was \>3. Since patients had been provided with intravenous PCA, it was difficult to standardise the time to first analgesic dose administration as patients often ended up demanding the dose of analgesic based on their ability to tolerate pain. Other major disadvantage of STA block is the inability to block visceral pain, which can be substantial, both intra- and post-operatively.\[[@ref19][@ref20]\] The other major limitation is dermatomal limitation of the block.\[[@ref20]\] STA block provides reliable analgesia covering T~6~ -- T~10~ dermatomes.

CONCLUSION {#sec1-5}
==========

STA block in addition with rectus abdominis sheath block is a good alternative for providing perioperative analgesia for upper abdominal surgery such as laparoscopic cholecystectomy and can cover the conventional anatomical port sites as well.
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